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[Purpose] To provide a liquid crystal display device of high 
grade, which may prevent the occurrence of uneven orientation 
and orientation failure. 

[Constitution] In the liquid crystal display device formed by 
disposing a first and a second substrates with a designated 
gap and sealing liquid crystal in the gap, a wall part is formed 
using a metal wiring of the first substrate side in a liquid 
crystal injection port. 

Claim : - 

1. A liquid crystal display device, in which a first and 
a second substrates are disposed with a gap, and liquid crystal 
is injected into the gap, characterized in that a wall part 
is provided in a liquid crystal injection port, and the wall 
part is formed using a material in the first and second 
substrates, or on the substrate. 

Detailed Description of the Invention ; 
[0001] 

[Industrial Field of Application] 

This invention relates to a liquid crystal display device 
and particularly to the shape of a liquid crystal injection 
port - 
[0002] 

[Prior Art] 
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The liquid crystal injection port 3 of the liquid crystal 
display device, as shown in Fig. 1, has been provided with a 
wall part 4 heretofore, formed by a sealing material for sealing 
the liquid crystal to make the inflow direction of the liquid 
crystal constant in the vicinity of an injection part. 
[ 0003 ] 

In the case of forming the wall part with the sealing 
material, however, its pattern is formed by printing, so it 
is difficult to form a fine pattern and it is impossible to 
precisely control the inflow direction of liquid crystal. As 
a result, caused is the problem that uneven orientation or 
orientation failure occurs to lower the display grade. 
[0004 ] 

[Problems that the Invention is to Solve] 

It is an object of the invention to provide a liquid 

crystal display device of high grade, which has solved the 

problems of the prior art and may prevent the occurrence of 

uneven orientation and orientation failure. 

[0005] 

[Means for Solving the Problems] 

That is, according to the present invention, a liquid 
crystal display device, in which a first and a second substrates 
are disposed with a gap, and liquid crystal is injected into 
the gap, is characterized in that a wall part is provided in 
a liquid crystal injection port, and the wall part is formed 
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using a material in the first and second substrates, or on the 

substrate - 

[0006] 

This invention is applicable to liquid crystal display 
devices of every type such as active matrix type and simple 
matrix type. 
[0007 ] 

In the liquid crystal display device of the invention, 
a liquid crystal element, a liquid crystal driving circuit and 
the other peripheral driving circuits can be simultaneously 
manufactured on the same substrate by using a semiconductor 
substrate having a single crystal Si layer manufactured by the 
following method, so it is preferable. The method will now 
be described . 
[0008] 

A single crystal Si layer of a semiconductor substrate 
is formed using a porous Si base substrate obtained by making 
a single crystal Si base substrate porous. 
[0009] 

In the porous Si base substrate, according to the 
observation using a transmission electron microscope, holes 
having the average diameter of about 600 A are formed, and 
although the density is equal to or lower than the half as 
compared with that of single crystal Si, the single crystal 
property is maintained, so that a single crystal Si layer can 
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be formed on the upper part of the porous layer by epitaxial 
growth. Above 1000 °C , however, rearrangement of internal 
pores is caused to impair the characteristic of accelerating 
etching. Therefore, for the epitaxial growth of Si layer, 
preferable is low temperature growth such as a molecular beam 
epitaxial method, a plasma CVD method, a thermal CVD method, 
an optical CVD method, a bias sputtering method, and a liquid 
crystal growth method. 
[0010] 

The method of making P-type Si porous, and then causing 
epitaxial growth of a single crystal layer will now be 
described. 
[0011 ] 

First, an Si single crystal base substrate is prepared, 
and made porous by an anode formation method using HF solution. 
While the density of the single crystal Si is 2.33g/cm 3 , the 
density of the porous Si base substrate can be changed into 
0.6 to l.lg/ cm 3 by changing the HF solution concentration to 
20 to 50 wt%. The porous layer can be easily formed on the 
p-type Si base substrate by the following reasons. 
[0012] 

The porous Si is found in the process of studying the 
electrolytic grinding of a semiconductor, and in the 
dissolution reaction of Si in anode formation, holes are needed 
for anode reaction of Si in the HF solution. The reaction is 
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expressed as follows. 
[0013] 

Si + 2HF + (2-n)e + -> SiF 2 + 2H + +n e" 
SiF 2 + 2HF -> SiF 4 + H 2 
SiF 4 + 2HF -> H 2 SiF 6 
or 

Si + 4HF + (4-X)e + -> SiF 4 + 4H + e" 
SiF 4 + 2HF -> H 2 SiF 6 
wherein 

e + and e" respectively indicate a hole and an electron, n and 
X respectively are the number of holes required for dissolution 
of Sil atoms, and porous Si is formed when the condition of 
n>2 or X>4 is satisfied, 
[0014] 

It is known from the above that P-type Si having holes 
is easily made porous. 
[0015] 

On the other hand, it is reported that high-concentration 
N-type Si can be also made porous, so Si can be easily made 
porous whether P-type or N-type. 
[0016] 

Since the porous layer has a large amount of voids in 
the interior thereof, the density is lowered to the half or 
less. As a result, the surface area is remarkably increased 
more than the volume, so that the chemical etch rate is 
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remarkably increased as compared with the etch rate of ordinary 
single crystal layer. 
[0017 ] 

The conditions of making the single crystal Si porous 
by anode formation are shown in the following. The starting 
material of the porous Si formed by anode formation is not 
limited to single crystal Si, but also Si of another crystal 
structure may be adopted. 
[0018] 

Applied voltage: 2.6 (V) 
Current density: 3 0 (mA. cm" 2 ) 

Anode formation solution: HF: H 2 0: C 2 H 5 OH = 1:1:1 
Time: 2.4 (hours) 

Thickness of porous Si: 300 (nm) 
Porosity: 5 6 (%) 
Epitaxial growth of Si is caused on the thus formed porous Si 
base substrate to form a single crystal Si thin film. The 
thickness of the single crystal Si thin film is preferably 50 
\im or less, and further preferably 20 urn or less. 
[0019] 

Subsequently, after the surface of the single crystal 
Si thin film is oxidized, a base substrate finally constituting 
a substrate is prepared, and the oxide film of the single 
crystal Si surface and the base substrate are bonded to each 
other. Or after the surface of a newly prepared single crystal 
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Si base substrate is oxidized, the oxide film and the single 
crystal Si layer on the porous Si base substrate are bonded 
to each other. The reason for providing the oxide film between 
the base substrate and the single crystal Si layer is that in 
the case of using glass as the base substrate, for example, 
the interface state generated by the bed interface of the Si 
active layer is made lower in the oxide film interface as 
compared with that in the glass interface so as to remarkably 
improve the characteristic of the electronic device. Further, 
only the single crystal Si film from which porous Si gas is 
etched and removed by selective etching mentioned later, may 
be bonded to a new base substrate. Bonding is adhesive enough 
so that only when the respective surfaces are brought into 
contact with each other at a room temperature after washing, 
they can ' t be simply separated by van der Waals ' forces . These 
are further subjected to heat treatment at a temperature 
preferably ranging from 200 to 900 °C, preferably ranging from 
600 to 900°C in a nitrogen atmosphere to be completely bonded. 
[0020] 

An Si 3 N 4 layer is deposited as an etching prevention film 
on the whole of the above two bonded base substrates, and only 
the Si 3 N 4 layer on the surface of the porous Si base substrate 
is removed. Instead of the Si 3 N 4 layer, apiezon wax may be used. 
After that, the porous Si base substrate is removed by overall 
etching or the like to thereby obtain a semiconductor substrate 
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having a thin film single crystal Si layer. 
[0021] 

A selective etching method of electroless wet type 
etching only the porous Si base substrate will now be described. 
[0022] 

As an etchant which does not have etching action on the 
crystal Si and selectively etches only the porous Si, 
preferably used are hydrofluoric acid, buffered hydrofluoric 
acid such as ammonium fluoride (NH 4 F) or hydrogen fluoride (HF) , 
a mixed solution of hydrofluoric acid or buffered hydrofluoric 
acid, to which hydrogen peroxide solution is added, a mixed 
solution of hydrofluoric acid or buffered hydrofluoric acid, 
to which alcohol is added, and a mixed solution of hydrofluoric 
acid or buffered hydrofluoric acid, to which hydrogen peroxide 
and alcohol are added. The bonded substrates are wetted with 
these solutions to be etched. The etch rate depends on the 
solution concentration and temperature of hydrofluoric acid, 
buffered hydrofluoric acid and hydrogen peroxide solution. By 
adding hydrogen peroxide solution, oxidation of Si is 
accelerated to heighten the reaction rate as compared with that 
of the additive-free one, and further by changing the 
proportion of hydrogen peroxide solution, the reaction rate 
can be controlled. Further, by adding alcohol, bubbles of 
reaction product gas due to etching can be instantaneously 
removed from the etching surface without stirring, so that the 
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porous Si can be etched uniformly and efficiently. 
[0023] 

The HF concentration in the buffered hydrofluoric acid 
is set preferably in a range of from 1 to 95wt%, more preferably 
from 1 to 85wt%, and further preferably from 1 to 7 0wt% to the 
etchant. The NH 4 F concentration in the buffered hydrofluoric 
acid is set preferably in a range of from 1 to 95wt%, more 
preferably from 5 to 90wt%, and further preferably from 5 to 
80wt% . 
[0024] 

The HF concentration is set preferably in a range of from 
1 to 95wt%, more preferably from 5 to 90wt%, and further 
preferably from 5 to 80Wt% to the etchant. 
[0025] 

The H 2 0 2 concentration is set preferably in a range from 
1 to 95wt%, more preferably from 5 to 90w%, further preferably 
10 to 80wt% to the etchant, and also in a range of producing 
the effect of hydrogen peroxide solution. 
[0026] 

The alcohol concentration is set preferably to 80wt%, 
more preferably to 60wt% or less, further preferably to 40wt% 
or less, and also in a range of producing the above effect of 
the alcohol. 
[0027] 

The temperature is set preferably in a range of from 0 
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to 100°C, more preferably from 5 to 80 °C , and further preferably 

from 5 to 60°C. 

[0028] 

As the alcohol used in this process, in addition to ethyl 
alcohol, used is alcohol such as isopropyl alcohol, which is 
all right in practical use in a manufacturing process or the 
like, and further expected to produce the above alcohol 
addition effect. 
[0029] 

In the thus obtained semiconductor substrate, the single 
crystal Si layer equal to an ordinary Si wafer is made flat 
and made into a uniformly thin film, and formed in a large area 
on the whole area of the substrate. 
[0030] 

The single crystal Si layer of the semiconductor 
substrate is separated by a partial oxidation method or insular 
etching, and impurity is doped to form a p-channel or n-channel 
transistor . 
[0031 ] 

[ Embodiments ] 

The invention will now be described in detail by the 
embodiments . 
[0032] 

(Embodiment 1 ) As shown in a plan view of a liquid crystal 
display device of Fig. 1, a liquid crystal injection part of 
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a liquid crystal display device 1 is formed by an injection 
port 3 and a wall part 4 for making the inflow direction of 
liquid crystal constant. 
[0033 ] 

Fig. 2 is a sectional view taken along line A - A' of 
Fig. 1. The wall part 4 is formed by a wall part forming part 
7 on a first substrate 5 side. The reference numeral 6 is an 
insulation film, and 8 is a protective film. The first 
substrate 5 may be either an insulating substrate or a 
conductive substrate. 
[0034 ] 

The wall part forming part 7 is formed by metal wiring 
material. Although Al is used as metal wiring material in the 
present embodiment, the other publicly known materials may be 
used. For example, cited are metal such as Ti, Ta, Mo, Cu and 
W, and silicide such as TiSi 2 , TaSi 2 , MoSi 2 , and WSi 2 . Instead 
of metal wiring material, poly-Si or transparent electrode 
material (ITO) may be used to form the wall part forming part 
7. 

[0035] 

After a designated gap formed by a sealing part 2 is filled 
with liquid crystal through the injection port 3, the injection 
port 3 is sealed to constitute the liquid crystal display device. 
As a result, uneven orientation and orientation failure have 
not been caused to obtain a high-grade liquid crystal display 
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device . 
[0036] 

(Embodiment 2) As shown in Figs. 3A and 3B, a liquid 
crystal display device is constituted similarly to the 
embodiment 1 except that a wall part 4 is formed by an LOCOS 
oxide film 10 on a semiconductor layer 9. Figs. 3A and 3B 
respectively show the case where an insulating substrate or 
a conductive substrate is used as a first substrate 5. In Fig. 
3A, it is not always necessary for the LOCOS oxide film 10 to 
reach the first substrate 5, and in Fig. 3B, it is not always 
necessary for the LOCOS oxide film to reach the insulating layer 
6. 

[0037] 

Similarly to the embodiment 1, uneven orientation and 
orientation failure have not been caused to obtain a high- 
grade liquid crystal display device. 
[0038] 

(Embodiment 3) As shown in Figs. 4A and 4B, a liquid 
crystal display device is constituted similarly to the 
embodiment 1 except that a wall part 4 is formed by etching 
a semiconductor layer 9. Figs. 4A and 4B respectively show 
the case where an insulating substrate or a conductive 
substrate is used as a first substrate 5. 
[0039] 

Similarly to the embodiment 1, uneven orientation and 



13 



orientation failure have not been caused to obtain a high- 
grade liguid crystal display device. 
[0040] 

(Embodiment 4) As shown in Fig. 5, a liquid crystal 
display device is constituted similarly to the embodiment 1 
except that a wall part 4 is formed by jointly using the 
embodiment 1 and the embodiment 2. As a wall part forming part 
7, Al and poly-Si are used. Although a three-layer lamination 
layer is shown in Fig. 5, a lamination layer of two or four 
or more layers may be used, or further the embodiment 3 may 
be used jointly. 
[0041] 

Similarly to the embodiment 1, uneven orientation and 
orientation failure have not been caused to obtain a high- 
grade liquid crystal display device. 
[0042] 

(Embodiment 5) As shown in Figs. 6A and 6B, a liquid 
crystal display device is constituted similarly to the 
embodiment 1 except that a wall part 4 is formed using a black 
matrix material 12 (Cr or the like) and a filter material 13 
(R, G, B) on a second substrate 11 side. Both of the black 
matrix material and filter material may be stacked. 
[0043] 

Similarly to the embodiment 1, uneven orientation and 
orientation failure have not been caused to obtain a high- 
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grade liquid crystal display device. 
[0044] 

(Embodiment 6) As shown in Fig. 7 , a liquid crystal 
display device is constituted similarly to the embodiment 1 
except that the substrates of the embodiment 4 and the 
embodiment 5 are taken as a pair of substrates. 
[0045] 

Similarly to the embodiment 1, uneven orientation and 
orientation failure have not been caused to obtain a high- 
grade liquid crystal display device. 
[0046] 

(Embodiment 7) Fig. 8A is a partial plan view of a liquid 
crystal display device according to the present embodiment, 
and Fig. 8B is a sectional view taken along line B - B' of Fig. 
8A. 

[0047 ] 

As shown in Figs. 8A and 8B, a liquid crystal display 
device is constituted similarly to the embodiment 1 except that 
a wall part 4 having a stepped part of 2.5 \xxa at a pitch of 
2 0 ^im is formed. 
[0048] 

Similarly to the embodiment 1, uneven orientation and 
orientation failure have not been caused to obtain a high- 
grade liquid crystal display device. 
[0049 ] 



(Embodiment 8) Fig. 9A is a partial plan view of a liquid 
crystal display device according to the present embodiment, 
and Figs. 9B to 9D are enlarged views of a wall part of Fig. 
9A. 

[0050] 

A liquid crystal display device is constituted similarly 
to the embodiment 7 except that the shape of a wall part 4 is 
formed as shown in Figs. 9B to 9D. 
[0051 ] 

Similarly to the embodiment 7, uneven orientation and 
orientation failure have not been caused to obtain a high- 
grade liquid crystal display device. 
[0052 ] 

[Advantage of the Invention] 

According to the invention, as described above, the fine 
wall part is formed to precisely control the inflow direction 
of liquid crystal, whereby the inflow direction of liquid 
crystal can be made constant so as to provide the liquid crystal 
display device of high display grade, which may prevent the 
occurrence of uneven orientation and orientation failure. 

Brief Description of the Drawings : 

Fig. 1 is a plan view of a liquid crystal display device 
of the invention; 

Fig. 2 is a sectional view taken along line A - A' of 
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Fig. 1 in the embodiment 1; 

Figs. 3A and 3B are sectional views taken along line A 
- A' of Fig. 1 in the embodiment 2; 

Figs. 4A and 4B are sectional views taken along line A 
-A' of Fig. 1 in the embodiment 3; 

Fig. 5 is a sectional view taken along line A - A' of 
Fig. 1 in the embodiment 4; 

Figs. 6A and 6B are sectional views taken along line A 
-A' in the embodiment 5; 

Fig. 7 is a sectional view taken along line A - A' of 
Fig. 1 in the embodiment 6; 

Figs. 8A and 8B are diagrams showing a liquid crystal 
display device of the embodiment 7; and 

Figs. 9A to 9D are diagrams showing a liquid crystal 
display device of the embodiment 8. 
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